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R e s e a r c h  i n  m u l t i s p e c t r a l  d a t a  p r o c e s s i n g  a t  LARS/Purdue i s  d i r e c t e d  
a t  s u p p o r t i n g  a s u b s t a n t i a l  l e v e l  o f  a p p l i c a t i o n s  r e s e a r c h  as w e l l  as 
a d v a n c i n g  t h e  t e c h n o l o g y  o f  r e m o t e  s e n s i n g  d a t a  p r o c e s s i n g .  Dur ing  t h e  
p a s t  y e a r  s i g n i f i c a n t  p r o g r e s s  h a s  been  made i n  b o t h  r e s p e c t s .  Almost t h e  
s n t i r e  m u l t i s p e c t r s l  d a t a  a n a l y s i s  p r o c e s s ,  f rom d a t a  e d i t i n g  t o  r e s u l t s  
z v a l u a t i o n ,  tias b s e n  i m p a c t e d ,  and  t h e  new l e v e l  o f  t e c h n o l o g y  has been  
v i g o r o u s l y  t e s t e d  by t h e  d a t a  a n a l y s i s  o p e r a t i o n s  a s s o c i a t e d  w i t h  t h e  
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'The f o l l o w i n g  d i s c u s s i o n  o f  t h e s e  advancements  i s  o r g a n i z e d  t o  
f o l l o w  g e n e r a l l y  t h e  s t e p s  u t i l i z e d  i n  t h e  m u l t i s p e c t r a l  d a t a  a n a l y s ~ i s  
p r o c e d u r e .  I n  t e r m s  o f  F i g u r e  1, we b e g i n  w i t h  t h e  d a t a  d i s p l a y  p r o c e s s  
used  t o  a c c o n p l i s h  d a t a  e d i t i n g  and p r o c e e d  c l o c k w i s e  t h r o u g h  c l u s t e r i n g ,  
s t a t i s t i c s  c o m p u t a t i o n ,  e t c .  In  t h e  i n t e r e s t  o f  b r e v i t y ,  e a c h  r e s u l t  
w i l l  be t r e a t e d  h e r e  i n  a  g e n e r a l  way and  r e f e r e n c e s  g i v e n  t o  a v a i l a b l e  
s o u r c e s  w l ~ c r e  a n o r e  d e t a i l e d  t r e a t m e n t  may be  f o u n d .  
The  s p e c i a l - p u r p o s e  d i g i t a l  d i s p l a y .  s y s t e m  d e l i v e r e d  t o  T,tWS/Purdue 
l a t e  i n  1373  [l] r e p r e s e n t s  s t remendous  p o t e n t i a l  f o r  f a c i l i t a t i n g  t h e  
man /da t a  i n t e r f a c e .  J u r i n g  1 9 7 1  t h e  f i r s t  s o f t w a r e  f o r  u t i l i z i n g  t h i s  
s y s t e m  became o p e r a t i o n a l  and  was made a v a i l a b l e  t o  LAJSYS u s e r s  [ 2 ] .  
iqi th t h i s  s o f t w a r e ,  t h e  u s e r  c a n  d i s p l a y  a  t e l e v i s i o n - q u a l i t y  image o f  
d i p , i t i z e d  l n u l t i s p e c t r a l  d a t a  a n d ,  by means o f  a l i g h t  pen and  k e y b o a r d ,  
a c c u r a t e l y  s p e c i f y  a r e a s  i n  t i l e  d a t a  t o  r e c e i v e  s p e c i a l  a t t e n t i o n  
------- -- 
' ~ h e  ,1971 Corn B l i g h t  : Ja tch  Exper iment  i s  d e s c r i b e d  e l s e w h e r e  i n  t h e s e  
p r o c e e d i n g s .  
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(Figure 2). Two advantages of this mode of man/data interface over the 
familiar gray-scale line-printer output (Figure 3) are the higher quality 
of the image available to the researcher and the ease and accuracy with 
which features in the data can be located and designated to the computer 
by means of the light pen. These features greatly improve both the 
speed and accuracy with which the data analysis can be executed. 
Data editing represents only one of many potential uses of the 
digital display hardware. Examples of other ap~lications to be studied 
include on-line display and evaluation of analysis results and 
implementation of a highly interactive data analysis capability. 
h e  feels compelled to note at this point, however, that line-printer 
output still represents a proven and acceptable means for displaying both 
data and analysis results. But as technological advances bring down 
the cost of video-type displays and step up the speed of digital data 
transmission, digital display systems suitable for image data -- now 
available only on a limited basis as research tools -- will become 
increasingly attractive as a standard neans of interfacing man with such 
data. 
CLUSTER - ANALYSIS 
Plultispectral cluster analysis (sometimes referred to in the literature 
as unsupervised classification) has been under study for some years as a 
means for data compression and similarity analysis. A clustering technique 
has been developed at LARS/Purdue, for use in conjunction with supervised 
classification,' as an aid in class definition and training sample selection. 
A computer program C31 prints point-by-yoi9t maps of the clustering 
results (Figure 4), indicating the relative homogeneity of the analyzed 
areas; this information assists in the process of selecting training 
samples for characterizing the different spectral classes in the data. 
Also provided is a quantitative analysis of the separability of the 
clusters in the multivariate measurement ("feature") space. 
The clustering technique described above processss data poiats in 
the measurement space.. Another promising approach, currently under 
investigation and discussed further in a later section of this paper, 
is the clustering of sample statistics in parameter space. 
FEATURE SELECTION 
-- 
A featare selection criterion has been developed [4] which 
eliminates tile considerable level of human interaction with tile 
c o m p u t a t i o n a l  p r o c e s s i n g  h e r e t o f o r e  r e q u i r e d  f o r  t h e  s e l e c t i o n  o f  d a t a  
c h a n n e l s  p r e f e r r e d  f o r  c l a s s i f i c a t i o n .  The b a s i c  problem faced  i n  c o n n e c t i o n  
w i t h  f e a t u r e  s e l e c t i o n  is  f i n d i n g  a  means f o r  e s t i m a t i n g  e r r o r  p robao i -  
l i t i e s  ( o r  p r o b a b i l i t i e s  o f  c o r r e c t  c l a s s i f i c a t i o n )  a c c u r a t e l y  s i n c e  f o r  
m u l t i v a r i a t e  problems i t  i s  g e n e r a l l y  n o t  f e a s i b l e  t o  c a l c u l a t e  t h e s e  
p r o b a b i l i t i e s  d i r e c t l y  even i n  t h e  r e l a t i v e l y  s i m p l e  c a s e  i n  which 
Gauss ian d i s t r i b u t i o n  o f  t h e  d a t a  w i t h i n  c l a s s e s  i s  assumed. The problem 
o f  f i n d i n g  a n  e s t i m a t o r  o f  p r o b a b i l i t y  o f  c o r r e c t  c l a s s i f i c a t i o n  i n  t h e  
m u l t i c l a s s  and m u l t i v a r i a t e  c a s e  i s  unsolved.  What i s  commonly done i n  
p r a c t i c e  i s  t o  e s t i m a t e  t h e  p r o b a b i l i t i e s  a s s o c i a t e d  w i t h  a l l  p a i r s  o f  
c l a s s e s  and t a k e  a n  a v e r a g e  o r  weighted a v e r a g e  o f  t h e  pai r ;? ise  p r o b a b i l i t i e s  
a s  a n  e s t i m a t e - o f  t h e  o v e r a l l  p r o b a b i l i t y  o f  c o r r e c t  c l a s s i f i c a t i o n  C51. 
To do t h i s  e f f e c t i v e l y ,  however, r e q u i r e s  a v a i l a b i l i t y  of a f u n c t i o n ,  based 
on t h e  s t a t i s t i c a l  s e p a r a b i l i t y  o f  p a i r s  of  c l a s s e s ,  which behaves  l i k e  t h e  
p r o b a b i l i t y  o f  c o r r e c t l y  d i s c r i m i n a t i n g  between t h e  c l a s s e s .  
Divergence i s  a  monotonic f u n c t i o n  o f  s t a t i s t i c a l  s e p a r a b i l i t y  of  
two c l a s s e s  which h a s  been used i n  t h i s  manner. However, t h i s  s e p a r a b i l i t y  
measure h a s  t h e  d i s a d v a n t a g e  t h a t  i t  i n c r e a s e s  w i t h o u t  bound as s e p a r a b i l i t y  
i n c r e a s e s ,  whereas  p r o b a b i l i t y  o f  c o r r e c t  c l a s s i f i c a t i o n  s a t u r a t e s  a t  
100 p e r c e n t  ( s e e  F i g u r e  5 ) .  T h i s  d i f f i c u l t y  h a s  been c i rcumvented by 
w r i t i n g  t h e  f e a t u r e  s e l e c t i o n  program t o  a l l o w  t h e  u s e r  t o  s p e c i f y  a  
l i m i t i n g  v a l u e  (:$U) which a r t i f i c i a l l y  s a t u r a t e s  t h e  s e p a r a b i l i t y  measure.  
To do t h i s  p r o p e r l y ,  hovzvcr ,  t h e  u s e r  must l e a r n  t o  judge f o r  a  g iven  
ty?e  of  problem what c o n s t i t u t e s  a n  a p p r o p r i a t e  s a t u r a t i o n  v a l u e .  
I n  a n  e f f o r t  t o  remove t h i s  l a t t e r  shor tcoming ,  a l t e r n a t i v e  s e p a r a b i l i t y  
measures have been i n v e s t i g a t e d .  I n  p a r t i c u l a r ,  a  s e p a r a b i l i t y  measure 
r e f e r r e d  t o  h e r e  a s  Bha t t acharyya  d i s t a n c e ,  o r  B-d i s t ance ,  h a s  been found 
t o  have t h e  s o r t  o f  b e h a v i o r  sough t  and indeed t o  p rov ide  a much more 
r e l i a b l e  f e a t u r e  s e l e c t i o n  c r i t e r i o n  t h a n  d i v e r g e n c e  [ 4 ] .  T h i s  f u r t h e r  
sugges ted  a t r a n s f o r m a t i o n  of  d i v e r g e n c e  which c l o s e l y  approx imates  t h e  
f e a t u r e  s e l e c t i o n  p r o p e r t i e s  of  t h e  B-d i s t ance  b u t  r e q u i r e s  f a r  l e s s  
computat ion.  The t r ans fo rmed  d i v e r g e n c e  h a s  been implemented a t  ~ ~ i t S / P u r d u e  
a s  t n e  s t a n d a r d  f e a t u r e  s e l e c t i o n  c r i t e r i o n .  
P3IXT CLASSIFICATION 
The nex t  s t e p  i n  t h e  p rocedure  f o r  i n u l t i s p e c t r a l  d a t a  a n a l y s i s ,  t h e  
m u l t i v a r i a t e  c l a s s i f i c a t i o n  method, h a s  no t  been a l t e r e d ,  b u t  some newly 
completed r e s e a r c h  has  reconf i rmed  t h e  wisdoa (from a p r a c t i c a l  v iewpoin t )  
o f  s e l e c t i n g  t h e  Gauss ian  maximu:n-likelihood approach f o r  a n a l y s i s  of  r e a l -  
world m u l r i s p e c t r a l  d a t a .  T h i s  approach [ E l  assumes t h a t  t h e  c l a s s - - c o n d i -  
t i o n a l  d i s t r i b u t i o n s  of  t i le  d a t a  i n  311 c l a s s z s  t o  be recogn ized  can  bz 
a d e q u a t e l y  r e p r e s e n t e d  by m u l t i v a r i a t e  Gauss ian d i s t r i b u t i o n s ,  o r ,  i n  any 
c a s e ,  by t h e  union of  a  s m a l l  number of  such  d i s t r i b u t i o n s .  Although 
p a t t e r n  c l a s s i f i e r s  based on t h i s  approach  have been a p p l i e d  s u c c e s s f u l l y  
a t  v a r i o u s  reinote s e n s i n g  f a c i l i t i e s  i n v o l v e d  w i t h  machine a n a l y s i s ,  some 
i m p o r t a n t  q u e s t i o n s  r e g a r d i n g  t h i s  c h o i c e  o f  approach have remained 
open: How much improvement i n  c l a s s i f i c a t i o n  a c c u r a c y  c o u l d  b e  o b t a i n e d  
by u s i n g  a  nonparamet r i c  c l a s s i f i c a t i o n  method which r e q u i r e s  no a  p r i o r i  
a s sumpt ions  r e g a r d i n g  t h e  d a t a  d i s t r i b u t i o n s ?  How much would c l a s s i f i c a t i o n  
a c c u r a c y  degrade  i f  t h e  c l a s s i f i e r  were o f  t h e  c o m p u t a t i o n a l l y  f a s t e r  and 
s i m p l e r  l i n e a r  v a r i e t y ?  
An e x p e r i m e n t a l  i n v e s t i g a t i o n  y i e l d i n g  a  c o n s i d e r a b l e  volume of 
r e s u l t s  131 h a s  demons t ra t ed  t h a t ,  f o r  a g r i c u l t u r a l  remote  s e n s i n g  d a t a ,  
v e r y  g e n e r a l  n o n p a r a m e t r i c  n o d e l s  c a n  be  e x p e c t e d  t o  produce  o n l y  mar- 
g i n a l l y  b e t t e r  r e s u l t s  t h a n  t h e  Gauss ian  c l a s s i f i e r .  I n  g e n e r a l  t h e  
improvement i s  n o t  s u f f i c i e n t  t o  w a r r a n t  t h e  s u b s t a n t i a l  i n c r e a s e  i n  
c o m p u t a t i o n a l  r e s o u r c e s  r e q u i r e d  ( t i m e ,  machine memory). On t h e  o t h e r  
hand,  a n o t h e r  s t u d y  [ 71  s u g g e s t s  t h a t  t h e  e x t r a  c o s t  o f  t h e  Gauss ian  
c l a s s i f i e r  by compar ison w i t h  l i n e a r  c l a s s i f i e r s  i s  g e n e r a l l y  w e l l  
j u s t i f i e d .  The l i n e a r  c l a s s i f i e r s  i n v e s t i s a t e d  have shown markedly 
p o o r e r  a b i l i t y  t o  g e n e r a l i z e  from t r a i n i n g  f i e l d s  t o  d a t a  n o t  used f o r  
t r a i n i n g  t h e  c l a s s i f i e r .  
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Tile t e r m  " p e r f i e l d  c l a s s i f i c a t i o n "  h a s  been used i n  t h e  l i t e r a t u r e  
t o  r e f e r  t o  t h e  c l a s s i f i c a t i o n  o f  a n  e n t i r e  a g r i c u l t u r a l  f i e l d  based on 
a l l  d a t a  d r m  from t h a t  f i e l d .  T h i s  approach  t a k e s  advan tage  of t h e  
s p a t i a l  c o n t e x t  o f  t h e  d a t a ,  t h e  f a c t  t h a t  l o c a l  r e g i o n s  t e n d  t o  be com- 
posed of rnenbers of t h e  same c l a s s  ( t h e  same " p o p u l a t i o n , "  i n  s t a t i s t i c a l  
t e r m i n o l o g y ) ,  by u s i n g  t h e  combined i n f o r m a t i o n  i n  a  number of  o b s e r v a t i o n s  
t o  i n f e r  t h e  c l a s s i f i c a t i o n  o f  t i le  a g g r e g a t e .  To d i v o r c e  t h i s  c o n c e p t  from 
t h e  a g r i c u l t u r a l  frame o f  r e f e r e n c e ,  "sample c l a s s i f i c a t i o n "  i s  d e f i n e d  
a s  t h e  c l a s s i f i c a t i o n  of any a g g r e g a t e  of  d a t a  p o i n t s  assumed t o  be  from 
t h e  same p o p u l a t i o n .  It i s  o f t e n  t h e  c a s e  t n a t  d e c i s i o n s  c o n c e r n i n g  t h e  
a g g r e g a t e  can  be made f a s t e r  and more r e l i a b l y  t h a n  d e c i s i o n s  c o n c e r n i n g  
t k  d a t a  p o i n t s  t a k e n  i n d i v i d u a 1 l y . l  
As i n t e n s i v e  s t u d y  of  t h i s  approach  [3 ]  has been completed i n  which 
Lo tl;l saiilple c l u s t e r  i n s  and sainple c l a s s i f i c a t i o n  v e r e  i n v e s t i g a t e d .  The 
r e s u l t s  of t h i s  s t u d y  a r e  t o o  e x t e n s i v e ,  b o t h  i n  number and i n  s c o p e ,  t o  
r e c e i v e  adequa t?  t r e a t m e n t  l l e re .  Fo l lowing  a r e  some n i g h l i g h t s .  
.---- 
l ~ h e  g r e a t e s t  b e n e f i t s  i n  t h i s  r e s p e c t  g e n e r a l l y  a c c r u e  when t h e  
a g g r e g a t i o n  i s  ?sr formed b e f o r e  t h e  d e c i s i o n  p r o c e s s  i s  a p p l i e d  (eg .  
by f i n d i a g  a p a r a x e t r i c  c h a r a c t e r i z a t i o n  of t h e  a g g r e g a t e )  r a t h e r  t h a n  
a f c e r  ( e g . ,  p o l l - t a k i n g  a f t e r  c l a s s i f i c a t i o n ) .  
For a g r i c u l t u r a l  r e n o t e  s e n s i n g  d a t a ,  t h e  accuracy  of  sample 
c l a s s i f i c a t i o n  i s  r e l a t i v e l y  i n s e n s i t i v e  t o  whcther  p a r a m e t r i c  o r  
nonparamet r i c  ne thods  a r e  used t o  c s t i a a t e  p r o b a b i l i t y  d i s t r i b u t i o n s .  
11s noted e a r l i e r  i n  t h i s  paper  t h e  p o t e n t i a l  irnprovernent i n  accuracy  
o b t : ~ i n a b l e  u s i n g  nonparamct r i c  metilods i s  t o o  s inal l  t o  j u s t i f y  t h e  
c o n s i i l e r a b l e  i n c r e a s e  i r l  co luputa t ion t ime and complex i ty .  
A l t h o u g l ~  Inany measures of  s t a t i s t i c a l  s e p a r a b i l i t y  a r e  a v a i l a b l e  
f o r  u s e  i n  sample c l a s s i f i c a t i o n ,  t h e  e x p c r i m e n t s l  r e s u l t s  u s i n g  
a g r i c u l t u r a l  d a t a  were r e l a t i v e l y  i n s e n s i t i v e  t o  t h e  c h o i c e  of  s e p a r a -  
b i l i t y  measure used .  Iiowzver, a  s e p a r a b i l i t y  measure known a s  t h e  
J e f f r i e s - ? I a t u s i t a  d i s t a n c e  d o e s  have some t h e o r e t i c a l  as w e l l  a s  p r a c t i c a l  
advsrl tages vort11 e x p l o i  t i n e :  
1. Its b e h a v i o r  a s  a  f u n c t i o n  of  d i ! n e n s i o n a l i t y  r esembles  
t h a t  of p r o b a b i l i t y  of c o r r e c t  c 1 : i s s i f i c a t i o n  ( i n  t h e  
p a r a m e t r i c  c.ase) . 
2 .  I t  i s  a  m e t r i c  o v e r  a l a r g e  s p a c e  oE d i s t r i b u t i o n  f u n c t i o n s .  
3 .  I t  i s  among t h e  s i m p l e s t  s e p a r a b i l i t y  f u n c t i o n s  t o  compute. 
Sample c l u s t e r i n g ,  ach ieved  by f i r s t  computing a  p a r a m e t r i c  
c h a r a c t e r i z a t i o n  of  t h e  samples  and then  a p p l y i n g  c l u s t e r  a n a l y s i s  t o  
t h e  s t a t i s t i c a l  pa ramete r s  ( F i g u r e  6 ) ,  a p p e a r s  t o  o f f e r  s e v e r a l  advan tages  
o v e r  t h e  more c o n v e n t i o n a l  po in t -by-po in t  c l u s t e r i n g .  I n  exper iments  
w i t h  a g r i c u l t u r a l  remote s e n s i n g  d a t a ,  sample c l u s t e r i n g  has s x l ~ i h i t e d  
a d i s t i n c t  tendency t o  produce more a p p r o p r i a t e  c l a s s / s u b c l a s s  s t r u c t u r e s  
l e a d i n g  t o  b e t t e r  c l a s s i f i c a t i o n  accuracy  f o r  bo th  p o i n t  and sample 
c l a s s i f i c a t i o n .  I n  a d d i t i o n ,  a d r a m a t i c  t i n e  s a v i n g  i s  ach ieved  f o r  
c l u s t e r  p r o c e s s i n g  because  o f  t h e  c o n s i d e r a b l e  d e g r e e  of  d a t a  r e d u c t i o n  
accoinplished by r e p r e s e n t i n g  a  l a r g e  number of  d a t a  p o i n t s  by r e l a t i v e l y  
few s t a t i s t i c a l  p a r a m e t e r s .  
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F i n a l l y ,  t h e  e f f e c t i v e  u t i l i z a t i o n  of  l a r g e  q u a n t i t i e s  of  remote 
s e n s i n g  d a t a  demands t i le  development o f  s t a t i s t i c a l  models which c a n  be 
used f o r  s p e c i f y i n g  d a t a  c o l l e c t i o n  and d a t a  a n a l y s i s  s c h e a e s  and f o r  
e v a l u a t i n g  t h e  r e s u l t s  produced by such schemes. Tile 1971 Corn B l i g h t  
: latch Experiment and forward-lookixlg c o n s i d e r a t i o n s  r e l a t e d  t o  t h e  EXTS 
and S K Y L L ~ B  s a t e l l i t e s  have p a r t i c u l a r l y  h i g h l i g h t e d  t:lis need.  Conven t iona l  
models developed f o r  ground d a t a  c o l l e c t i o n  a l o n e  a r e  s i n p l y  n o t  a d e q u a t e .  
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f o r  remote s e n s i n g  and used t h e  :nodel t o  e v a l u a t e  t h e  p r e c i s i o n  o f  c r o p  
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and t o  u t i l i z e  t h e s e  r e l a t i o n s h i p s  b o t h  i n  g u i d i n g  and  e v a l u a t i n g  i t s  
a p p l i c a t i o n .  
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F i g u r e  6 .  P a r a m e t e r  space r e p r e s e n t a t i o n  o f  a sample (one- 
dimensional G a u s s i a n  c a s e ) .  
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